Abstract: In this paper, we consider the problem: given a symmetric concave configuration of four bodies, under what conditions is it possible to choose positive masses which make it central. We show that there are some regions in which no central configuration is possible for positive masses. Conversely, for any configuration in the complement of the union of these regions, it is always possible to choose positive masses to make the configuration central.
Introduction and Main Results
The Newtonian n-body problem concerns the motion of n mass points with masses m i ∈ R + , i = 1, 2, · · · , n. The motion is governed by Newton's law of gravitation: 
be a concave non-collinear central configuration with masses (β, α, β, β) respectively, and with q 2 located inside the triangle formed by q 1 , q 3 , and q 4 . Then the configuration q must possess a symmetry, so either q 1 , q 3 , and q 4 form an equilateral triangle and q 2 is located at the center of the triangle, or q 1 , q 3 , and q 4 form an isosceles triangle, and q 2 is on the symmetrical axis of the triangle. In this paper we consider the inverse problem: given a planar symmetric concave configuration (Figure 1 ), find the positive mass vectors, if any, for which it is a central configuration. The equations for the central configurations can be written as
We can obtain the following results: Theorem 1.1. Let q 1 = (−1, 0), q 2 = (1, 0), q 3 = (0, t), q 4 = (0, s) where t > s > 0, and assume that the center of mass c = C/M = q 4 . The symmetric concave configuration q = (q 1 , q 2 , q 3 , q 4 ) can be a central configuration if and
, and the masses of q 1 , q 2 and q 3 are all equal, i.e. 
General Symmetric Concave Central Configurations with Four bodies
Assume the center of mass c = (c x , c y ). Given
, where t > s > 0, the system (1.5) can be divided into two parts:
In (2.2) the first two equations are identical. The third and the fourth equations in (2.1) imply that
For t > s > 0 we have
The first two equations in (2.1) together with m 1 = m 2 and positive number λ > 0 imply that c x = 0.
Thus systems (1.5) for central configurations become
3. The Proof of Theorem 1.1
In this section, we will find the solution of masses m 1 , m 2 , m 3 , m 4 with two parameters s, t for the four-body central configuration. We assume the center of mass c = C/M = q 4 , i.e. c y = s. the system (2.3) for central configurations become The fourth equation in (3.1) can be written
Substituting (3.2) into the third equation in (3.1), we have
for t > s > 0, then
From he second equation in (3.1) and the above equation (3.4), we have
Thus the last three equations in (3.1) is equivalent to 
The Proof of Theorem 1.2
In this section, we assume the center of mass c = C/M = q 4 , i.e. c y = s. Combining the second and the third equations in (2.3) and eliminating m 4 , the following equation is derived 
Then we have the necessary conditions for the solvability of (2.3):
The system (2.3) for central configurations become The third and the fourth equations in (4.5) can be written
and substituting the above two equations into the second equation in (4.5), we obtain
Substituting (4.8) into (4.6) and simplifying, we have
Substituting (4.8) into (4.7) and simplifying, we have
(4.10)
Thus we give the necessary condition (4.4) for the existence of the solution of masses, and give the solution of masses explicitly in (4.8-4.11).
In the following we will analyze the mass functions and find the possible region in st-plane such that the mass functions are positive. then t − c y > 0 for t > s > 0. For convenience, we denote p 1 = 2 3 − √ 1 + t 2 3 and
We can show that p 2 = 0 give rise a smooth monotone increasing curve above the curve t = s, and bounded from right by s = √ 3. p 2 = 0 is equivalent to
(4.14)
Let's take the derivative of Proof. For convenience, we denote
Then m 3 > 0 is equivalent to
By t > s and t − s < √ 1 + t 2 , we have
>0. Proof. We have obtained 
